BIOCHEMISTRY: CAVALIERI AND ROSENBERG ecule. The great reactivity of thiolated proteins with heavy metals deserves special mention. This property not only should be very useful for preparative work but would be of great advantage for the X-ray analysis of proteins by the isomorphous replacement method."
The assay for bacterial transformation in Pneumococcus has been discussed critically by Hotchkiss. I He pointed out that a measure of the quality of a deoxyribonucleic acid (DNA) preparation is to be found in the number of transformants appearing at high DNA concentrations, when the bacterial sites are saturated. Since then, transforming DNA has been subjected to various physical treatments, such as sonication, fractionation, and ionizing radiation, and it appears desirable to review the problems that thereby arise in the interpretation of transformation data. It will be shown here that the changes in transforming ability which accompany the treatment of DNA cannot be simply assessed from either the plateau (saturated) region or the linear (low- [DNA] )-portion of the transformants versus [DNA] curve. There have been a number of attempts at calculating the target size of the active unit from data obtained on the linear portion, without proper cognizance of all the variables, and it would appear that those results should be reassessed. VOL. 44, 1958 In calculating the size of a genetic determinant from fragmentation data or in ascertaining the efficiency of fractionation procedures, the problem of central importance is to estimate the number of marked DNA molecules (i.e., DNA molecules containing a genetic determinant which can be assayed) that are present in a given mass of DNA. The number of transformants produced by a given mass of DNA under specified conditions (hereafter referred to as the "activity" of the DNA sample) is not a direct measure of the number of marked DNA molecules present in the mixture. In order to relate the activity to the number of marked molecules, certain factors have to be considered. This can be most simply demonstrated by deriving an equation which connects all the variables.
The interaction of any given sample of DNA with bacteria may be represented by the following relations:2. DMIn represents absorbed but non-genetically incorporated DNA; B' represents transformed cells; vtr is the rate of transformation, based on moles of transformants; a is the probability that DM' will be incorporated into the genome; Km = kl/(k2 + km); and k,/k2 may be regarded as the binding constant of marked DNA to the bacterium. Under the usual conditions of assay,' absorption is the limiting step in transformation: the initiation of transformation (absorption) is terminated by destruction of external DNA, followed by sufficient incubation time to permit development of the maximum number of transformants and therefore maximum incorporation of the absorbed DNA into the genomes. Thus the step(s) following DMI need not be considered in a kinetic treatment. Equation (2) is valid in the absence of competitor DNA (i.e., when X = 1). However, since DNA contains largely unmarked (competitor) molecules, another term must be added. In this case, we must consider
where BD, represents the inactive complex, i.e., one which produces no transformants, and equation (2) are the mole fractions of marked molecules in each species; km1Kmi, km2Km2, .. are constants defined above for marked molecules; K., KC2, ., are constants for unmarked molecules. Equation (4), which implies that all these constants may be functions of molecular weight, is transformed into equation (5) Thus, the experinieiital quantity on the left of equations (9) and (10) wtill be proportional to the number of inmrked molecules per unit weight (NXR/M) when a and the bracketed quantity on the right side of the equations are constant for all the DNA samples compared. The probability a may also be a function of molecular weight but it is difficult at present to predict the nature of this function. It cannot safely be assumed to be constant, as has always been done in the past. We will show later on that Km and Imc+ depend on molecular weight, and it is likely that km and km+c also do. The value of Mabs is also an unknown function of molecular weight, since it depends on km+c and Km+c. In addition, the problem of polydispersity renders an explicit solution still more difficult. Calculation of the size of a genetic marker is obviously beset with a formidable set of variables.
The same restrictions apply to the interpretation of transformation data obtained from fractionated DNA samples where NX/I may be changed by separation rather than destruction of markers. DNA fractions differing in molecular weight or degree of polydispersity will inevitably differ also in activity, even though they may have the same marker concentrations, due to differences in the first two terms of equations (9) or (10).
We have performed an experiment which demonstrates that activity values can be insidiously misleading. A mixture of DNA was prepared containing 10 per cent (by weight) of high-molecular-weight (3.5 million) DNA containing a marker and 90 per cent low-molecular-weight (ca. 100,000) unmarked DNA. The number of transformants at the plateau from this mixture was 90 per cent of that obtained from the undiluted high-molecular-weight (standard) DNA. This shows that the low-molecular-weight fragments were not very effective competitors; in other words, the binding constant decreases with molecular weight. More important, however, is the fact that the observed light-scattering molecular weight of the mixture was about 350,000, which, in the absence of knowledge of the mixture composition, might lead to the erroneous supposition of a low-molecular-weight fraction containing a high proportion of the active DNA. On the linear part of the curve of transformants versus total weight of DNA, the activity of the mixture was considerably lower than that of the standard, as would be expected both for such a mixture (due to dilution of the active component) and for a homogeneous low-molecular-weight active sample (due to lowered kmKm; see eq.
[5]). Furthermore, since the mixture and the standard differed greatly in polydispersity, absorption measurements would have had little or no effect on the results. The danger arising from contamination of DNA samples by a small amount of marked DNA of higher molecular weight is thus manifest.
The suggestion that binding and velocity constants changes with decrease in molecular weight was based on the following experimental evidence. We have measured the rate of absorption of P32-labeled DNA samples of varying molecular weights and found that the mass of DNA absorbed (Aab.Vabst) under fixed conditions at plateau concentrations decreases sharply with molecular weight. This decrease is undoubtedly associated with a decrease in the absorption velocity constant (km+c). Inhibition experiments similar to that discussed above, show that the binding constant also decreases with molecular weight. Clearly, then the constants in equations (9) and (10) must be evaluated as a function of molecular weight if the desired information (NX/M) is to be obtained.
SUMMARY
The treatment of bacterial transformation data is discussed and equations are developed connecting the variables. It is shown that the observed number of transformants is the product of three factors, namely: a) the number of marked DNA molecules present (NX/M), b) the ability of these molecules to enter the bacterium [(kmKm/km+cKm+c) (A?/Mabs)] and c) the ability of the molecules which have entered the cell to become part of the genome. To calculate the sizes of genetic markers or to estimate the efficiency of fractionation procedures the quantity NX/M must be evaluated from the observed data. To do this the terms b) and c) must be known. Absorption and inhibition experiments are presented to show that b) is a function of molecular weight, and it is possible that this is also true of c). Since at present the nature of the function is unknown, an explicit solution for the number of markers present is impossible. It is concluded that the estimation of the size of a marker presents formidable difficulties. Further, the "sizes" that have been calculated in the literature, on the implicit assumption that b) and c) are constant have no meaning at the molecular level. These values are clearly some indefinable average of molecular parameters. The same criticism applies to fractionation procedures.
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INTRODUCTION
If an aqueous solution containing 10-3 M tryptophan and 10-3 M riboflavin-5' phosphate is frozen, the resultant sample has a red appearance instead of the yellow shown by riboflavin alone. This red form can also be seen at room temperature if more concentrated solutions are used-for example, 10-2 M tryptophan
